Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPA 



(H)Publication number : 
(43)Date of publication of application : 22.12.1994 



(51)lnt.CI. 



H01L 21/027 
G03B 27/32 
G03F 7/20 



(21 Application number : 05-141018 
(22)Date of filing : 11,06.1993 



(71 )Applicant : NIKON CORP 

(72)lnventor : NAKAJIMA TOSH 

HAMAYA MASATO 



^ LB 3 




(54) EXPOSURE DEVICE 

(57)Abstract: 

PURPOSE: To reduce illuminance irregularity due to 
speckle pattern when using light with a high spatial 
coherence as exposure light by the slit scan exposure 
system. 

CONSTITUTION: A reticle R is scanned in a scanning 
direction SR for a lighting region 15. a wafer W is 
scanned in a scanning direction SW for an exposure 
region 16 which is conjugate to the lighting region 15, 
and then the pattern of the reticle R is exposed on the 
wafer W successively. The spatial coherence of laser 
beam LB0 discharged from an excimer laser light source 
1 is high in horizontal direction (H direction), its 
horizontal direction is made to be conjugate to the 
scanning direction SR of the lighting region 15 and the 
direction where the spatial coherence higher becomes the scanning direction 8R, 
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* NOTICES * 

JPO and XNPXT are not responsible for any 
damages caused by feh.e use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Ciaim(s)] 

[Claim 1] The light source which generates the illumination light which has predetermined spatial 
coherence, and the illumination-light study system which illuminates the lighting field of a 
predetermined configuration by said illumination light. In the aligner which has a relative scan means to 
synchronize and to scan the mask and the photosensitive substrate with which the pattern for an imprint 
was relati vely formed to said lighting field, and exposes the pattern of said mask on said substrate 
serially The aligner characterized by making the high direction of the spatial coherence of said 
illumination light the same as that of the relative scanning direction of the lighting field of said 
predetermined configuration, and said mask. 

[Claim 2] The source of pulsed light which generates the pulsed light which has predetermined spatial 
coherence, It has a relative scan means to synchronize and to scan the illumination-light study system 
which illuminates the lighting field of a predetermined configuration, the mask with which the pattern 
for an imprint was relatively formed to said lighting field, and a photosensitive substrate by said pulsed 
light. In the aligner which exposes the pattern of said mask on said substrate serially It responds to the 
relative scan speed of the lighting field of said predetermined configuration, and said mask, and the pitch 
of said relative scanning direction of the speckle pattern of said pulsed light in said lighting field. The 
aligner characterized by establishing a phase adjustable means to change the phase of the speckle pattern 
of said pulsed light in said lighting field for said every pulsed light, 

[Claim 3] The aligner according to claim 2 characterized by establishing a spatial coherence detection 
means to detect the spatial coherence of said pulsed light, and the control means which controls 
actuation of said phase adjustable means according to the spatial coherence of said this detected pulsed 
light. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for- any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] By illuminating a rectangle or the lighting field of circular ** for example, with 
exposure light, and scanning a mask and a sensitization substrate synchronously to the lighting field, 
about the so-called aligner of the slit scan exposure method which exposes the pattern on a mask on a 
sensitization substrate serially, this invention is applied, when using a high light of especially spatial 
coherence as an exposure light, and it is suitable. 
[0002] 

[Description of the Prior Art] Conventionally, in case a semiconductor device, a liquid crystal display 
component, or the thin film magnetic head is manufactured using a photolithography technique, the 
projection aligner exposed on the substrates (a wafer or glass plate) with which the photo mask or the 
pattern of a reticle (it is hereafter named a "reticle" generically) was applied to the photoresist etc. 
through projection optics is used. In this projection aligner, in order to short-wavelength-ize exposure 
light and to raise resolution, excimer laser light like KrF excimer laser or ArF excimer laser or the laser 
beam of an ultraviolet area like the higher harmonic of argon laser is coming to be used as an exposure 
light. 

[0003] However, spatial coherence (coherency) of a laser beam is high, and while passing an 
illumination-light study system, the interference fringe called a speckle pattern arises, and it has the 
problem that this becomes the illuminance unevenness on a reticle and a substrate. Then, in using a laser 
beam as an exposure light, in order to decrease the illuminance unevenness by the speckle pattern with 
the projection aligner of an one-shot exposure method like the conventional usual stepper, the oscillating 
mirror was arranged before the fly eye lens in an illumination-light study system (optical integrator). 
And he exposes changing the phase of the speckle pattern (interference fringe) produced on a reticle and 
a substrate, and was trying for the light exposure in the whole surface in each shot field on a substrate to 
become homogeneity among one exposure by scanning the laser beam which carries out incidence to the 
optical integrator by the oscillating mirror. In this case, the contrast of distribution of the light exposure 
on a substrate becomes min by shaking an oscillating mirror among one exposure, so that the phase of an 
interference fringe may do 2pi change of. 
[0004] 

[Problem(s) to be Solved by the Invention] The chip size of one piece of a semiconductor device tends to 
be enlarged recently, and large area-ization which exposes the pattern of a bigger area than that on a 
reticle on a substrate is called for in the projection aligner. In order to respond to large-area-izing of this 
transferred pattern, and a limit of the exposure field of projection optics, the rectangle and the projection 
aligner of the so-called slit scan exposure method which exposes the pattern on a reticle on a substrate 
serially circular or by scanning a reticle and a photosensitive substrate synchronously to lighting fields 
(this being called "slit-like lighting field"), such as six square shapes, are developed. To use a high light 
of spatial coherence like a laser beam as an exposure light also with the projection aligner of such a slit 
scan exposure method, it is necessary to reduce the illuminance unevenness by the speckle pattern. 
[0005] However, by the slit scan exposure method, since the reticle and the substrate are scanned, the 
phase in which a SUPPEKURU pattern appears carries out time amount change. Therefore, the scanning 
direction of a reticle and a substrate poses a problem first. Next, when using together the oscillating 
mirror used at the time of an one-shot exposure method, it becomes a problem how an oscillating mirror 
is controlled according to the scan speed of a reticle and a substrate in the scanning direction list. 
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[0006] For example, pattern space PA of Reticle R is gradually scanned by the lighting field 51 
relatively, dra wing 7 (a) - (d) showing the condition of scanning Reticle R in the direction of X 
(scanning direction SR) to the slit-like lighting field 51, and applying it to the condition of drawing 7 (d) 
from the condition of drawing 7 (a). Therefore, to the direction (non-scanning direction) perpendicular to 
the direction of X of Y, although the scan is substantially performed to the direction of X in pattern 
space PA of Reticle R, since it is a quiescent state, the effects of a speckle pattern differ in the scanning 
direction and the non-scanning direction. 

[0007] This invention aims at making the illuminance unevenness by the speckle pattern as small as 
possible, when using a high light of spatial coherence as an exposure light with the aligner of a slit scan 
exposure method in view of this point. 
[0008] 

[Means for Solving the Problem] As the 1st aligner by this invention is shown in draw ing 3 and drawing 
2 The light source which generates the illumination light (LB0) which has predetermined spatial 
coherence (1), The illumination-light study system which illuminates the lighting field (1 5) of a 
predetermined configuration by the illumination light (2-14), It has a relative scan means (32, 34, 35, 
RST, WST) to syntonize and to scan the mask (R) and the photosensitive substrate (W) with which 
the pattern tor an imprint was relatively formed to the lighting tield (15). In the aligner which exposes 
the pattern of a mask (R) on a substrate (W) serially, the high direction (direction H) of the spatial 
coherence of the illumination light (LB0) is made the same as that of the lighting field (15) of a 
predetermined configuration, and a relative scanning direction (direction SR) with a mask (R), 
[0009] Moreover, as the 2nd aligner by this invention is shown in drawing..], and drawi?ig.2 The source 
of pulsed light which generates the pulsed light (LB0) which has predetermined spatial coherence 0), 
The illumination-light study system which illuminates the lighting field (15) of a predetermined 
configuration by the pulsed light (2-14), It has a relative scan means (32, 34 ? 35, RST, WST) to 
synchronize and to scan the mask (R) and the photosensitive substrate (W) with which the pattern for an 
imprint was relatively formed to the lighting field (15), In the aligner which exposes the pattern of a 
mask (R) on a substrate (W) serially The lighting field (15) of a predetermined configuration, and a 
relative scan speed with a mask (R), According to the pitch of the relative scanning direction (direction 
SR) of the speckle pattern of the pulsed light in a lighting field (15), a phase adjustable means (8 9) to 
change the phase of the speckle pattern of the pulsed light in a lighting field (15) for every pulsed light 
of the is established, 

[0010] In this case, it is desirable to establish a spatial coherence detection means (17 1 8) to detect the 
spatial coherence of that pulsed light, and the control means (32) which controls actuation of a phase 
adjustable means (8 9) according to the spatial coherence of that pulsed light detected in this way. 
[0011] 

[Function] According to the 1st aligner of this this invention, the high direction of spatial coherence 
(coherent extent) was beforehand measured in the field perpendicular to the flux of light of the 
illumination light (LB0), and the high direction of the spatial coherence is doubled in the direction (the 
direction of SR) of a relative scan with a mask (R) in the lighting field (15) of a predetermined 
configuration. As it follows, for example, is shown in drawing 4 , the illuminance distribution of the 
scanning direction (the direction of SR) of the speckle pattern by the illumination light formed on a 
lighting field (15) is changed with the comparatively large amplitude in a predetermined pitch like a 
distribution curve 40. Moreover, the illumination distribution of the non-scanning direction (the 
direction of Y) of the speckle pattern on the lighting field (15) is comparatively fiat like a distribution 
curve 41 , In this case, in a scanning direction, since the illumination distribution of each point on a mask 
(R) becomes being the same as that of the case where changed like a distribution curve 40, respectively 
and it scans by the oscillating mirror substantially, there is little illuminance unevenness. Moreover, in a 
non-scanning direction, from the first, since there is little illuminance unevenness, its illuminance 
unevenness decreases all over a mask (R) and a substrate (W), 

[0012] Moreover, according to the 2nd aligner of this invention, pulsed light is used as illumination 
light. Since it is not easy to erase the chromatic aberration in optical system when pulsed light is the 
excimer laser light (wavelength is 248nm) of for example, a far-ultraviolet region, in the source of 
pulsed light (1), the pulsed light which narrow-band-ized spectral line width is generated by using a 
diffraction grating, a slit, etc. Therefore, in drawing! , although, as for the pulsed light (LB0) injected 
from the light source (1), beam width has become [ spatial coherence ] high narrowly horizontally (the 
direction of H), perpendicularly (the direction of V), beam width has become [ spatial coherence ] low 
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widely. Therefore, in this invention, the horizontal direction of the pulsed light (LBO) injected from the 
light source (1) is set as the scanning direction of the lighting field (15) of the shape of a slit on a mask 

(R). 

[0013] In this case, generally, since it is smaller than the ratio of the width of face of the scanning 
direction of the lighting field (1 5) of the shape of a usuai slit, and the width of face of a non-scanning 
direction, the ratio of width of face and vertical width of face with that horizontal pulsed light (LBO) 
needs to expand the horizontal width of face of that pulsed light (LBO) using the cylindrical lenses 38 
and 39 of two sheets as shown in drawing 3 . the flare angle of the pulsed light (LBO) which carries out 
incidence at this time — the focal distance of the cylindrical lens 38 of theta 1 and the preceding 
paragraph — the focal distance of the cylindrical lens 39 of fl and the latter part — fi2 ** — flare angle 
theta 2 of the pulsed light (LB) which will he injected from a cylindrical lens 39 if it carries out It is as 
follows. 

[0014] theta2 =(fl / fl) theta! (1) 

Therefore, it is fl <f2 in order to extend horizontal beam width. Flare angle theta 2 of the pulsed light 
(LB) which will be been as follows and injected if it carries out It becomes small 
theta 1 > theta 2 (2) 

Therefore, if beam width is extended horizontally, as shown in drawin g 4 , the spatial coherence in the 
scanning direction (the direction of SR) of a lighting field (15) will become still higher. Therefore, the 
high speckle pattern of contrast is formed in a scanning direction. On the other hand, since the contrast 
of the speckle pattern of a non-scanning direction is low, there is little illuminance unevenness in a non- 
scanning direction. 

[0015] The illumination distribution of the scanning direction of the lighting field (15) becomes like the 
distribution curve 40 of drawing 5 (a). If the scanning direction of a mask and a substrate is chosen in 
this direction, since it will become **** of the wave of various phases like drawing 5 (b) by the phase 
shift by scan, it counts upon mitigation of a speckle according to a superimpose effect. When not 
performing a certain control, however, depending on a scan speed The timing of pulse luminescence and 
the phase of a speckle pattern become a form mostly in agreement. At a certain irradiating point on a 
mask (R) For example, exposure is performed in order of the locations 40C and 40F of drawing 5 (a), 
and , at another irradiating point, exposure is performed in order of locations 40B and 40E and — , a 
superimpose effect cannot be expected, and illuminance unevenness may not be mitigated. In order to 
avoid this, when it is the scan speed to which pulse luminescence is performed, an oscillating mirror is 
made to scan, and when emitting light by location 40F and emitting light by deltaA and location 401, 
scan control to which the strike slip only of the deltaB is carried out is carried out in the locations 4QC, 
40F, and 401 of drawing 5 (a). 

[0016] Thereby, since each irradiating point on a mask (R) is exposed with an illuminance with a 
SUPPEKURU pattern of a phase which is equally divided according to a pulse number and is different 
called the distribution curves 40, 42, and 43 of drawin g 5 (b) 3 addition light exposure is equalized and 
the illuminance unevenness in the scanning direction on a mask (R) is reduced. Namely, n and m are 
made into an integer in the irradiating point of the arbitration on a mask (R)« So that the phase of the 
scanning direction on a distribution curve 40 may become 0, 2mpi+ (2 pi/n), 4mpi+ (4 pi/n), 6mpiH~ (6 
pi/n), 2(n-l) mpi+2 (n-1) pi/n, and ... for every pulse luminescence The illuminance unevenness of a 
scanning direction is reduced by controlling actuation of a phase adjustable means (8 9). 
[0017] Moreover, a spatial coherence detection means to detect the spatial coherence of the pulsed light 
(17 18), thus, when the control means (32) which controls actuation of a phase adjustable means (8 9) 
according to the spatial coherence of the detected pulsed light is established Actuation of a phase 
adjustable means (8 9) is controlled so that the illuminance unevenness resulting from the speckle 
pattern on a mask (R) and a substrate (W) becomes min according to the detected spatial coherence. 
[0018] 

[Example] Hereafter, with reference to a drawing, it explains per example of the aligner by this 
invention. This example applies this invention to the projection aligner of the slit scan exposure method 
which used the laser light source of a pulse oscillation mold as the light source of exposure light. 
D raw ing 1 is the laser beam LBO of a far-ultraviolet region (wavelength is 248nm) which showed the 
optical system of the projection aligner of this example, and was injected from the excimer laser 1 in this 
drawing 1 . Incidence is carried out to the beam plastic surgery optical system 2 which contains a 
cylindrical lens through the reflective mirrors Ml, M2, M3, and M4 for ultraviolet. Laser beam LBO 
injected from the excimer laser 1 Horizontal (the direction of H) width of face is a long and slender 
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rectangle quite narrower than vertical (the direction of V) width of face, and a cross-section 
configuration is a laser beam LBO at the beam plastic surgery optical system 2. Horizontal width of face 
is expanded and the laser beam LB of the cross-section configuration of the almost same aspect ratio as 
the aspect ratio of the lighting field 15 of the shape of a below-mentioned slit is injected, 
[0019] Drawing 3 is the laser beam LBO which carries out incidence as the configuration of the beam 
plastic surgery optical system 2 is shown and it is shown in this drawin g 3 . Focal distance fl It passes 
through a cylindrical lens 38 and the cylindrical lens 39 of a focal distance £2 (£2 > fl), and the 
horizontal width of face of a cross-section configuration is f2/fl . It is expanded twice. Laser beam LBO 
which carries out incidence It is a flare angle theta 1 Flare angle theta 2 of the laser beam LB which will 
be injected if it carries out Flare angle theta 1 It is decreasing to fl/£2. The spatial coherence of the 
horizontal direction (the direction of H) of the laser beam LB injected since the spatial coherence of the 
flux of light is generally so high that a flare angle is small is the laser beam LBO which carries out 
incidence. It is raised. 

[0020] The laser beam LB injected by drawi ng 1 from return and the beam plastic surgery optical system 
2 is bent by the reflective mirror M5 for ultraviolet, and carries out incidence to a beam expander (or 
zoom lens) 3, and a cross-section configuration is expanded even to a predetermined cross-section 
dimension. Incidence of the parallel laser beam LB injected from the beam expander 3 is carried out to 
the Xtal prism 4 as a polarization means, and it is divided into two polarization components which 
intersect perpendicularly, Thus, incidence of the two separated polarization components is carried out to 
the quartz-glass prism 5 for optical-path amendment, and the travelling direction of a beam is amended. 
Then, the laser beam of two polarization components is bent by the oscillating mirror 8 through the 1st 
step of the fly eye lens 6 and a relay lens 7. With a driving gear 9, the oscillating mirror 8 scans a laser 
beam by the suitable control approach by include-angle within the limits predetermined [ on a horizontal 
plane ]. 

[0021] The laser beam scanned by the oscillating mirror 8 carries out incidence to the 2nd step of fly eye 
lens 11 through a relay lens 10, image formation of much 3rd light sources (spot light) is carried out to 
the focal plane by the side of the injection, and it is further condensed with a condenser lens 12, and the 
laser beam from the 3rd light source of these large number bends by the mirror 13, and carries out 
incidence to ********** anc j the Maine condenser lens 14. The width of face of the direction of a 
shorter side on Reticle R carries out weight of the laser beam from much 3rd light sources to the lighting 
field 15 of the rectangle of D, and it is irradiated by the Maine condenser lens 14. Image formation 
projection of the pattern image in the lighting field 15 is carried out into the exposure field 16 of the 
rectangle on Wafer W through projection optics PL. 

[0022] In this case, the Z-axis is taken in parallel with the optical axis of projection optics PL, and the X- 
axis within XY flat surface perpendicular to that optical axis is taken in the direction of a shorter side of 
the rectangular lighting field 15. And it synchronizes with scanning Reticle R at a rate V in the direction 
of X (letting this be "a scanning direction SR") to the lighting field 15 in this example, using the 
projection scale factor of projection optics PL as beta. By scanning Wafer W by rate beta-V in the 
direction of -X (letting this be "a scanning direction SW"), projection exposure of the circuit pattern 
image in pattern space PA of Reticle R is serially carried out to the shot field of Wafer W. 
[0023] In drawing 1 , in order to investigate the spatial coherence of excimer laser light, install a 
condenser lens LI behind the reflective mirror M5 for ultraviolet, a backside [ a condenser lens LI ] 
focal location is made to condense the leakage light in the reflective mirror M5 for ultraviolet, and the 
leakage light distributed two-dimensional with the two-dimensional image sensor 17 which consists of 
CCD installed in the focal location is received. And the angle of divergence of a laser beam was 
measured by processing the image pick-up signal from the two-dimensional image sensor 17 by the 
image-processing system 3 8. Since the angle of divergence of a laser beam has the relation of an inverse 
proportion to spatial coherence, it can compute the spatial coherence of the scanning direction SR on the 
lighting field 15, and a non-scanning direction by the measured angle of divergence. 
[0024] Drawing. 2 shows the control system of the projection aligner of drawing 1 , and sets it to this 
drawing 2 . In an excimer laser 1 The electrode the gas used as the medium of laser oscillation, and for 
oscillation triggers The prism 24 for the enclosed laser tube 21, the front mirror 22 with the 
predetermined reflection factor (less than 100%) which constitutes a resonator, the rear mirror 23 of the 
resonator, the opening plate 29 for wavelength selections, wavelength selection, and the formation of a 
wavelength narrow band, and reflective mold diffraction-grating 25 grade It is prepared as an optical 
element. Furthermore, in order [ of the oscillation control section 26 for making it oscillate by 
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impressing the high voltage to the electrode in the laser tube 21 , and the laser beam oscillated ] to always 
make wavelength regularity absolutely, the mechanical-component 28 grade for adjusting the inclination 
of the wavelength adjustment mechanical component 27 which adjusts the tilt angle of a diffraction 
grating 25, and the rear mirror 23 is prepared in the excimer laser 1 , 

[0025] Moreover, a part of laser beam injected from the front mirror 22 is led to the wavelength 
detectors (spectroscope etc.) 3 through a beam splitter 30, and the wavelength which detected and 
detected the wavelength of a laser beam with the wavelength detector 31 is transmitted to the 
wavelength adjustment mechanical component 27, The wavelength adjustment mechanical component 
27 changes the tilt angle of a diffraction grating 25 so that a difference with the absolute wavelength 
defined beforehand may come in specification according to the wavelength detected with the wavelength 
detector 3 1 . Moreover, the signal (signal according to the magnitude of the beam spot specifically made 
on the two-dimensional image sensor 17) according to the beam angle of divergence which processes the 
image pick-up signal from the two-dimensional image sensor 17 by the image-processing system 18, and 
is detected is sent also to the main control unit 32 which controls actuation of the whole equipment while 
it is fed back to the mechanical component 28 of the rear mirror 23 of an excimer laser 1 . A mechanical 
component 28 changes the tilt angle of the rear mirror 23, when the value of the angle of divergence of 
the beam surveyed to the value defined beforehand has separated more than tolerance. 
[0026] Moreover, positioning and a scan of the reticle R of drawin g 1 are performed by the reticle stage 
RST of drawing 2 , and positioning and a scan of Wafer W are performed by the wafer stage WST of 
drawing 2 . A reticle stage RST scans Reticle R, in order to change the exposure range of Reticle R on 
which the pattern of one chip was drawn one by one. the wafer stage WST has the function to move 
Wafer W by the step-and-repeat method, and the function which scans Wafer W synchronizing with the 
scan of Reticle R according to the exposure range of Reticle R in the direction of X, and the direction of 
Y so that two or more shot fields on Wafer W may be alike, respectively, it may receive and the pattern 
image of Reticle R may be exposed, 

[0027] A main control unit 32 controls the oscillation of an excimer laser 1 through the oscillation 
control section 26, and controls actuation of the wafer stage WST and a reticle stage RST through the 
wafer stage control system 34 and the reticle stage control system 35, respectively. And a main control 
unit 32 controls amplitude, a period, etc, of vibration of the oscillating mirror 8 through a dri ving gear 9. 
Moreover, the displays (CRT display, meter, etc.) 33 grade as the keyboard 36, the coordinate input 
device (the so-called mouse) 37, and output unit as an input device is connected to the main control unit 
32. A keyboard 36 and the coordinate input unit 37 are used [ by the what pulse it exposes per one-shot 
field in exposure processing of a certain wafer, and 1 for [ other than specifying beforehand ] various 
sequence setup or a parameter setup. 

[0028] Moreover, a main control unit 32 determines the oscillation frequency optimized so that a speckle 
pattern might be made the smallest without lowering reception and a throughput for the information on 
the beam angle of divergence of the laser beam from the excimer laser 1 under preliminary oscillation 
from the image-processing system 1 8 ? and the pulse number of the laser beam irradiated by one shot 
field on Wafer W, and emits a command to the oscillation control section 26. In parallel, while a main 
control unit 32 determines the period of vibration of the oscillating mirror 8, the amplitude, and a phase 
and emits a command to a driving gear 9 3 it determines the optimal scan speed as the reticle stage control 
system 35 and the wafer stage control system 34, and issues a command. 

[0029] Next, it explains per configuration for reducing the illuminance unevenness on Reticle R and 
Wafer W by this example. First, laser beam LB0 injected from an excimer laser 1 in dr a wing 1 in this 
example Spatial coherence is high horizontally (the direction of H), Then, the laser beam LB0 An 
illumination-light study system is constituted so that the high direction of spatial coherence may turn 
into the direction SR of a shorter side of the lighting field 15, i.e., a scanning direction. Thereby, the 
speckle pattern of the laser beam formed on the lighting field 15 on Reticle R has the high contrast of a 
scanning direction SR, and the contrast of a non-scanning direction (the direction of Y) is low. 
[0030] The periodic component corresponding to the array of the lens element of the fly eye lenses 6 and 
1 1 is contained in the speckle pattern generated on the reticle R of drawing^ , and Wafer W, and the 
contrast of this interference pattern becomes high in the direction of X on Reticle R. In this example, in 
order to reduce the contrast of a speckle pattern, a laser beam LB is divided into the laser beam of two 
polarization components which makes a predetermined include angle with the Xtal prism 4 as a 
polarization means, and Reticle R is illuminated. Illuminance distribution [ of the scanning direction (the 
direction of X) of the lighting field 15 by the laser beam of the 1st polarization component of the two 
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polarization components J I (X) and a (relative value) are changing periodically in the predetermined 
pitch like the distribution curve 40 of drawing_6 (a). On the other hand, as a distribution curve 44 shows 
illuminance distribution I (X) by the laser beam of the 2nd polarization component, only the half-pitch 
has shifted in the direction of X to the distribution curve 40. Thereby, whole illumination distribution I 
(X) becomes the distribution curve 45 of drawing^ (b), and the amplitude of fluctuation of illumination 
distribution is reduced 

[0031] Drawing 4 shows the illuminance distribution of the lighting field 15 on the reticle R of this 
example, and on Reticle R, as shown in drawing 4 (a) 9 the lighting field 15 of the width of face D of a 
scanning direction SR (the direction of X) is formed. And illuminance distribution [ of the direction of X 
of the lighting field 15 ] I (X) changes with the comparatively big amplitude in a predetermined pitch 
like the distribution curve 40 of drawing 4 (b), and its illuminance distribution [ of the direction of Y of 
the lighting field 15 ] I (Y) is almost flat like the distribution curve 41 of drawi ng 4 (c). Therefore, the 
illuminance unevenness in the direction of Y which is a non-scanning direction is small. Moreover, in 
this example, the illuminance unevenness in the direction of X is canceled by the scan of the reticle R to 
the lighting field 1 5, and the scan of the laser beam by the oscillating mirror 8 of drawing 1 . 
[0032] Drawing 5 (a) shows the distribution curve 40 corresponding to illumination distribution [ of the 
scanning direction per 1 pulsed light in the lighting field 15 (the direction of X) ] I (X), and X coordinate 
is [ the field to D ] the interior of the lighting field 15 of drawing 4 (a) from a zero, moreover — if 
Reticle R is scanned in the direction of X to the lighting field 3 5 — each irradiating point on Reticle R 
drawings (a) « (» drawing 5 (b) ~ the same --) « it shall move along with the X-axis 
[0033] When setting to n the need [ that pulse luminescence is performed and the pitch of a distribution 
curve 40 is called for from the energy density and resist sensibility of PX and one pulse in this example ] 
pulse number, by n pulse luminescence A scan speed from which 0, PX/n, 2 PX/n, the distribution 
curve that has a peak in each location of PX/n (n-1) are acquired (0, PX/n, 2 PX/n, the distribution 
curve that has a peak in order of PX/n (n-1) do not need to appear.) By n pulse luminescence, all the 
distribution curves that have a peak in each location should just be acquired, moreover, n — enough — 
being large -- a pitch PX — n/2, n/3, and ... the distribution curve which has a peak in the location 
divided equally is just acquired When in agreement with the rate (value V=(D/n) f which broke the 
exposure field D by need pulse number n ? and applied the oscillation frequency f of laser) determined 
beforehand, it is not necessary to make the oscillating mirror 8 of drawing 1 scan, and the illuminance 
unevenness on Reticle R and Wafer W is mitigated most efficiently. 

[0034] For example, when a need pulse number is 3, Reticle R moves in the direction of X only D/3 for 
every pulse. Therefore, at a certain irradiating point on Reticle R (X= 0) s as shown in drawing 5 (a), if 
exposure is performed in order and light exposure distribution of the direction of X is seen, since [ of the 
locations 40A, 40E, and 401 of spacing D/3, and — ] it will become the superposition of the pulse of the 
distribution curves 40, 42, and 43 of drawing 5 (b), the quantity of light unevenness of addition light 
exposure becomes very small. The distance which Reticle R moves for every pulse is beforehand set as 1 
for an integer of the width of face D of the scanning direction of the lighting field 15. 
[0035] However, since the scan speed of Reticle R and Wafer W is determined like the after-mentioned 
by the proper light exposure on Wafer W etc., the aforementioned conditions may not necessarily be 
satisfied. In such a case, the oscillating mirror 8 of drawing-! scanned and 0, PX/n, 2 PX/n, the 
distribution curve that has a peak in the location of PX/n (n-1) need to be made to be acquired, 
[0036] When a need pulse number is 4 concretely, Reticle R moves in the direction of X only D/4 for 
every pulse. As shown in drawing 5 (a), therefore, at a certain irradiating point on Reticle R (X= 0) 
spacing — D/4 of the locations 40 A, 40D, 40G, and 40K — exposure being performed in order of ... and 
at a certain another point and the point which separated only D/6 from the location of X^ 0 Since 
exposure is performed in order of locations 40C, 40F, 401, and 40L, distribution of the addition light 
exposure of the direction of X serves as superposition of a distribution curve 40, and mitigation of 
quantity of light unevenness is not carried out at all. Then, the oscillating mirror 8 is made to scan. For 
example, it becomes the superposition of the wave of four kinds of phases from which it differs like 
drawing 5 (c) at the time of PX/4 and location 401 at the time of exposure when only 3PX / 4 change a 
phase by the scan of the oscillating mirror 8 at the time of PX/2 and location 40L by location 40F, and 
illuminance unevenness becomes very small, By dr awi ng 5 (c), distribution curves 46, 47, and 48 
change a phase only for PX/4, PX/2, and 3PX / 4 by the oscillating mirror 8 from a distribution curve 40, 
respectively. 

[0037] Next, it explains per scan speed of Reticle R and Wafer W. The scan speed of Wafer W is first 
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determined by the proper light exposure (this becomes settled with the sensibility of the resist applied on 
Wafer W) given to Wafer W 5 and the amount of energy for every' pulse. Since the amounts of energy 
emitted for every pulse differ in the case of the light source like an excimer laser 1 , it dims in an 
illumination-light study system, and the amount of energy for every pulse is determined by increasing 
and exposing a pulse number so that dispersion in the light exposure given to Wafer W by the 
superimpose effect may decrease. 

[0038] It is EP in the proper light exposure given to a wafer about E and the amount of energy for every 
pulse (the amount of average energies). If it carries out An exposure pulse number is E/EP. Since the 
scan lay length (namely, width of face of the scanning direction of the lighting field 15) of the range 
which is expressed and is illuminated at once on Reticle R is D, The movement magnitude of the reticle 
R for every pulse serves as D (EP/E), and when the oscillation frequency of an excimer laser 1 is f [Hz], 
the scan speed V of Reticle R is set as the value of a degree type. 
[0039] V=(EP/E) f-D (3) 

In addition, although the scan of the speckle pattern to the non-scanning direction (the direction of Y of 
drawing 4 ) of the lighting field 15 was omitted in the above-mentioned example, in order to mitigate the 
illuminance unevenness of a non-scanning direction more, it is desirable by shaking the oscillating 
mirror 8 perpendicularly in drawing 1 to scan a speckle pattern also to a non-scanning direction. 
[0040] Moreover, in dmw.ing_4 , in order to vibrate a speckle pattern to both a scanning direction SR (the 
direction of X), and a non-scanning direction (the direction of Y), a speckle pattern may be vibrated in 
the direction which crosses in the direction of X, and the direction of Y. 

[0041] In addition, there is also the following technique in the approach a high direction and whose 
scanning direction spatial coherence makes correspond. 

** If the reticle and the wafer are constituted from a body side of an aligner possible [ a scan ] in X and 
Y both directions, even if it is after connecting a body and a laser light source, coherence should just 
make a high direction the scanning direction. At this time, it is necessary to set up the configuration of a 
lighting field with a reticle blind so that this determined scanning direction may turn into the direction of 
a short hand of the lighting field on a reticle. 

What is necessary is for two or more mirrors just to adjust the high direction of the coherence of the 
laser beam in which the high direction of the spatial coherence of the laser beam from a laser light 
source carries out incidence to the illumination-light study system of an aligner so that it may be in 
agreement with the scanning direction. However, it may be necessary to adjust a fly eye lens etc, It is 
desirable to construct equipment in consideration of the high direction of coherence generally. 
[0042] In addition, when using the laser beam which this invention is not limited to the above-mentioned 
example, for example, consists of a higher harmonic of an YAG laser as an exposure light, or when 
using continuation light like i line of a mercury lamp as an exposure light, of course, configurations 
various in the range which does not deviate from the summary of this invention can be taken, 
[0043] 

[Effect of the Invention] According to the 1st aligner of this invention, since the high direction of the 
contrast of the interference fringe of a SUPPEKURU pattern is mitigated by relative scan with a lighting 
field and a mask (substrate) in accordance with a scanning direction, the illuminance unevenness of the 
scanning direction has the advantage to which the illuminance unevenness by the speckle pattern 
becomes small. 

[0044] Moreover, according to the 2nd aligner, since the phase of the speckle pattern of the pulsed light 
in a lighting field can be changed for every pulsed light according to the relative scan speed of a lighting 
field and a mask, and the pitch of the relative scanning direction of the speckle pattern of the pulsed light 
in fl* lighting field, .here is an advantage which can lake the illuming unevenness by Ihe'peckle" 
pattern small. 

[0045] Moreover, especially when a spatial coherence detection means to detect the spatial coherence of 
pulsed light, and the control means which controls actuation of a phase adjustable means according to 
the spatial coherence of the pulsed light detected in this way are established, the illuminance unevenness 
by the speckle pattern can be made small 
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* NOTICES * 

JPO and XNPXT are not responsible for any 
damages caused by the use of this translation, 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3, In the drawings, any words are not translated. 
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